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1 March 1963

Assistant for Planeg snd Develoment
Executive Secretsry, THC

Btarf Study - Evaluaticn of Propossl, Aspheric Opticrl
Bystems, Boliclted fyom the| |

FROBLEM

1. There exists & requirement for higher quelity lenses for the taking
apd exploitation of recomneismmnce photogrephs. The srea of exploitation,
particsularly, needs considerebly better lenses fur projection printing and
sereening vievers.

a. From the deginning the spt/selence of lems designbes utilizoé
formules based on the sphericel surface almost exclusively. This ia
ezpecially true in refractive type lanses 2s are those on enlargers
and projectors.

be All lenges, perticulsrly those of lsrge aperture and of reason-
able balf-angle {15 degrees or larger), are burdened with the geaut of
characteristic aberrations; they are sstigetimm, comn, latersl end
exial color, spherical end field cwrveture ond dfstartions to mertion
the most important. These aberrsticns are reduced by wanipulstir: the
index of refresction and dispersion of the optical glamsses used ir the
different elements, the curvature of the surfaces, and the combiration
andl specing of the slements. HNo lens utilizing the sphoricel surface
design in its calculation can be "fully corrected” to prelleve it of
these aberretions.

€. A lens can be designed to be diffmpetion limited for the optiecel
exias imege and for imeges falling as much mg 5.7 degrees off axis {see
Definitions for aiffrection limit criterie). The inebility to fully
corract the inherent eberrations still makes thisz achievement aifficult
requiring mmerous gless clements both cemented snd air spsced, With
the increase in mmbers of 2lements, perticularly eir speced, the light
tranmuitted by the lenes is asignificently refuced. The cbility te nchileve
the diffrection limit further off the opticel sxis 1s out of the juestion
following present desipgn criteria.
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d. As far back as 1£30, Descartes disclosed the geometrical design
of & singls elemant lens free from apheri¢al sberraticn. The description
had one purfece a portion of wn ellipse and the other surfmee wa: spheri-
eal with its center of cwrevbure se one of she focl of the ellipse., The

ellipse together with the parubola and the hyperbols comprise the exemples
of vimt way be deserihed pz anpheric or nom-spherieal surfaces o' revolu-
tion esch hevipg yerticular moperties vhen used es refracting o~ reflec.
ting surfaces., The ysasom forr not designing lenses utiliszing asvheric
surfoces since the origimsl Iy Descartes bas been the ingurmountetle
mechsnicel problem of grinding, polishing, and retaining the high fegree
of sceurssy of centering dwring sasembly of the elements. Durin end
since World ¥ar I greet strides hnve besn meds in the lens grinding and
polighing eraft in the realm of genersting the nem~spherical surisce to
the point vhere some lamses 1n which ome of the surfaces is aspherie are
in commercisl production. Btill in many of the lavger lsnses, wiildsing
sn aspheric surface in their design, the eagheric aurfncz 1s hend mede;
the econcmics of production preclude their use except in apecial ceses.

| e, In s search of the literature and In ceasu:&ltLg ui% 25X
I bave

without reservation that the time Is right o atudy and design Icnees in

which all slsments are mspherized.

3. Definition -~ The criteris for the diffraction limit of & lews in e
fuiction of the wevelength of ligh: apd the physicel dismeter or lens sperturs,
the limit being the separation of the diffrection pattern iLmsge of two very
oclose point light sources fowmed Ly the lems, Tals diffraction pstten is
better known ss the Alry disc,

DIBCUBSION

k., The stete of the art in lens desing is st = point wvhere ome r more
espheric surfaces can be incorporated in a lens design to more nearly schieve
the gosl of a "fully corvected” lens. Ry assumlig the philosophy of aspber-
izing all of the lens surfaces the number ¢f elements can be signifia-ntly
reduced, the light transmission cinn be incressed =lso by a significemt smount,
gome aberrvetions elimineted snd cthers reduced to a bare minimum, the dif-
fraction limit extended aoross very pearly the whole engulsr coverage erd the
sngular coverage incressed if desired,

5. I have consulted and be ie in egreement with me “het ®
stully and design of 5 totally saspheriged lens iz sppropriste at this cire. In
fect, he feels that the besic triplet lands itself Ildeally to this study. He
hes »ecently completed an extemsive amslyels of the triplet lens with elil

sphericsl surfaces and is perheape “he only person to have scemmplished this
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feet. Having an IIM TOUO cosputer at his disposel at the University bas mede ?
it possible., He sssures me thet tle progrems written for the triplet enalysis 3
can be utilized to run the design study sné anmlysis of the all espheric triplet.

25X1 6. | |1 quite eoncerned sbout the scourate tnd economical gen-
eration of the nom-sphericsl surface., Even thoush the Aly Force hes tontracted
25X1 | | to stuly mectanics) methols of genereting the espheric
surface be bas nisgivings ebout the particular epprosch. He briefed se on ¢
method that he wishes to explore; the gensrstiom of the surface by eveporstive
mesns. Ha hns as en sasociste one of the autbaritios in the field brm%~
with the

tive methodology for multileyer systemes (nsrrow tend-pess filters),

25X 1 I | T san convinced that this studty should go hand in

-  lons design study and asked thet it be included with the solicited prtposel for
the lens deslgn. The method sppears fessible and should be explored.

T. A major obetecle in the terminal quality of the produet to be axploited
by a sereening viewer or projection printer is the quelity of the lems, Signif-
icant improvements in this eres of lemses will significently improve tne exploi-
tation jJob, whether it be the interpretetion of & screensd imsge or a print.

8. The study of & totelly aspherised growp of lenses is timely sad vill
result In design criteria for future reguirements. The present state of the
art cannot satisfy the future requirements too much lomger.

9. The "sister” applied reseerch effort in Eveporstive Resserch for non-
spherical lens surface geperation is eppropriste snd ghould proceed simultene-
ously with the lens dealgn study.

25X1 10, The price tag for two years work is quite econoedenl, This
will in no wy the guality of the research which will be muite hizh.

11, It is recoomended that tha| | proposal e accepts: 25X
25X1 end en umclassifisd [ ) controct be negotiated ss soon es possidble in sceord-
snce with this propossl for the amount of |:| 25X1

12, It is further recommended thet the following be imcorporated in the
comtraet:

&, A guarterly letter report be sulmitted to the contrsctin;
officer and the technical monitor. Thirz letter will contain the follow-
ing infoymetion:

1. Froblems investigated and conclusicne resched concerning
the research,
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2. Work plans for the fortheoming quarter,

3¢ An sccount of percent of contract complete end funds
remaining.

4. Report vhen 85%% of the funds heive been used,

b. Sketches, disgyams, end photogrephn etc. shouid be made and

submitted periodicelly to e vsed for briaefing meterinls,
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